1 0 8 not respond within 10 minutes the score was set at 600 (2.3% of all trials). This test is repeatable 1 0 9 among-colonies over four days (r = 0.26) and, at high altitudes, influences colony survival over a 11 After these three baseline collective aggressiveness tests, we assigned each colony randomly 1 1 3 to one of three treatments. Fifteen colonies were "removal", 15 "procedural control" and 15 1 1 4 "control". For the removal and procedural control colonies, we returned three days after the 3 rd 1 1 5 behavioural test and removed a subset of spiders from each colony, placed them in sealed plastic 1 1 6 boxes (190 x 190 x 90 mm) with sticks to support web building, and transported them back to our 1 1 7 laboratory. Individuals were collected either by gently shaking the web and caching spiders that 1 1 8 dropped or scooping a small bit of webbing into a large plastic box. We counted the number of 1 1 9 individuals that were large (>2mm in body length), medium sized (<2mm & >1mm in body length) 1 2 0 or small (<1mm in body length), with size being estimated by eye. We endeavoured not to destroy 1 2 1 6 any vegetation the web was built on, in order to preserve the web's structure. Control colonies were 1 2 2 left undisturbed. with the elevation of the colony indicated by the colour (red = high elevation, blue = low 1 2 7 elevation). In the right map the towns of Tena and Archidona are indicated with white points. Each subset of spiders that we collected was left undisturbed to acclimatise to captivity in their box 1 3 0 for two days. Boxes had four airholes to provide oxygen, and spiders were provided a moist piece of 1 3 1 paper on the 4 th day of their captivity for hydration; they were not fed. We then tested the foraging 1 3 2 aggressiveness of each of the 30 captive colonies three times over six days (every other day; the 1 st 1 3 3 laboratory test beginning five days after the last pre-disturbance test). We modified the assay slightly to account for the new setting: we reduced the power of the vibrations to avoid over-amplification in 1 3 5 the small box, and the wire was touched directly to the web rather than to a small leaf. These 1 3 6 laboratory assays were used to assess the resemblance of parent and daughter colonies in a common 1 3 7 garden environment. Although we might expect behaviour in the laboratory to differ substantially 1 3 8 7 from that in the field, due to the lack of all natural cues (but see: Boon et al. 2008 ; Herborn et al. their foraging aggression to be similar in both the laboratory and in the field. In this case a positive 1 4 1 correlation would be expected. Following their 3 rd test (on the same day), the spiders from procedural control colonies were 1 4 3 placed directly back into their source (parental) colony. The colonies in this treatment group 1 4 4 therefore lost no spiders but experienced the physical disturbance of the sampling event. Spiders 1 4 5 from the removal treatment were placed in vegetation similar to what the parent colony had built its 1 4 6 web on, but 5-10m away from the parent colony. This was designed to mimic the fission of a colony 1 4 7 and the foundation of a new colony by a subset of individuals (sociotomy), which occurs naturally in 1 4 8
A. eximius as colonies grow in size (Vollrath 1982; Venticinque et al. 1993; Avilés 1997) . These 1 4 9 "bud colonies" were used to assess the heritability of colony behaviours when in the same 1 5 0 environment as their parent colony. At this point we discovered that eight of the parent colonies had 1 5 1 been destroyed by workers clearing roadsides. Two of these colonies were in the procedural control 1 5 2 group, but we could not return the previously removed spiders to a now destroyed colony, so we 1 5 3 placed these spiders into vegetation 5-10m away as bud colonies. Two days after returning them to the wild, we tested the collective aggressiveness of each 1 5 5 surviving parent colony (n = 37) and each bud colony three times over six days (every other day) 1 5 6 using the same method as before. In three instances the bud colony was completely abandoned, 1 5 7 leaving 14 bud colonies (including the additional two colonies that were originally part of the 1 5 8 procedural control group) to assay for foraging aggressiveness. To evaluate the robustness of A. eximius colonies to disturbance, we tested for a correlation between parent colonies' pre-and post-1 6 0 disturbance behaviours. We evaluated transmission of aggressiveness from parent to daughter group 1 6 1 by testing for a correlation between the pre-disturbance behaviour of parent colonies and the 1 6 2 behaviour of bud colonies in a common garden setting (the laboratory) and a natural setting (the bud 1 6 3 8 colony behaviours). During the three tests of the bud colony foraging aggressiveness, we observed 1 6 4 the bud colonies frequently changing position and orientation in the vegetation. We thought it was 1 6 5 likely that there was an initial "settling" phase after returning the bud colonies to the wild from 1 6 6 captivity. Therefore, starting eight days after their 3 rd test, we tested each bud colony another three 1 6 7 times over six days (every other day). This procedure was meant to capture bud colony behaviour 1 6 8 following a settlement period ("settled bud behaviour", the initial three tests hereafter being referred 1 6 9
to as "initial bud behaviour"). A schematic outlining the sampling regime for the study is shown in were tested three times over six days for foraging aggressiveness. For two thirds of these colonies (in 1 7 5 9 the "removal" and "procedural control" groups) spiders were then removed to the laboratory, where 1 7 6 they were tested three times over six days for foraging aggressiveness. Following this, spiders in the 1 7 7 procedural control groups were returned to their original colony, while spiders in the removal groups 1 7 8 were placed near the original colony as "bud colonies". We then tested all original colonies and all 1 7 9 bud colonies three times over six days. Following this we tested each bud colony another three times 1 8 0 over six days to measure "settled" behaviour. To assess the stability of colony behaviour over time in face of the disturbance, we initially estimated colony correlation between pre-and post-disturbance foraging aggressiveness, we built multivariate 1 9 1 models in MCMCglmm (Hadfield 2010) with the logs of pre-disturbance foraging aggressiveness 1 9 2 and post-disturbance foraging aggressiveness as response variables. We entered "NA" for the post- disturbance trials for colonies that had been destroyed. This allowed us to include their scores for the 1 9 4 pre-disturbance trials in the model, which should improve the estimate of the among-colony variance 1 9 5 in pre-disturbance foraging aggressiveness. We estimated the among-colony variances and 1 9 6 covariance between pre-and post-disturbance foraging aggressiveness, the among-date variances for 1 9 7 these traits (but no covariance as the two behaviours were never tested on the same day) and the 1 9 8 residual variances for each behaviour (but no covariance as the two behaviours were never measured 1 9 9 1 0 at the same time). We included the log of colony basket volume (height*depth*width), mean centred 2 0 0 and scaled to a variance of one, and the trial number (1-3), mean centred, as fixed effects for each To test if the disturbed colonies changed their behaviour more than the control colonies, we 2 0 4 estimated the raw phenotypic correlations for each of the three treatment groups. We then we fitted 2 0 5 the multivariate model described above to each of the three treatment groups separately and 2 0 6 compared the magnitude and distributions of the among-colony correlations. If the control group had 2 0 7 a stronger correlation between pre-and post-disturbance foraging aggressiveness than the removal or 2 0 8 the procedural control groups, we could conclude that the disturbance disrupted colony collective 2 0 9
behaviour.
To assess the resemblance of collective behaviour between parent and offspring colonies, we 2 1 1 first estimated the phenotypic correlations between log-transformed pre-disturbance foraging 2 1 2 aggressiveness, log-transformed laboratory foraging aggressiveness, and log-transformed bud colony 2 1 3 foraging aggressiveness, associating the first pre-disturbance trial, the first laboratory trial, and the covariance, when only the former is relevant for assessing whether more aggressive parent colonies also Niemela and Dingemanse 2018 for a discussion of the issues with using a single measure of 2 2 0 behaviour to estimate covariances). To estimate the among-colony correlation, we built multivariate 2 2 1 models in MCMCglmm, with the logs of pre-disturbance foraging aggressiveness, laboratory 2 2 2 foraging aggressiveness, and bud foraging aggressiveness as response variables. We estimated the 2 2 3 among-colony variances and covariance between these three traits. This is analogous to a parent-2 2 4 1 1 offspring regression, which overestimates heritability compared to estimates from an "animal model" 2 2 5 (Kruuk 2004). We did not have a colony level pedigree, nor could we calculate the relatedness 2 2 6 among colonies by some other means. Therefore, the parent-offspring covariance we estimate here 2 2 7 should be taken as an upper limit for the true colony level heritability. We also estimated among-date variance for each behaviour (but no covariance as the 2 2 9 behaviours were never tested on the same day) and the residual variance for each behaviour (but no 2 3 0 covariance as the behaviours were never measured at the same time). We included the log of colony 2 3 1 volume as a fixed effect for pre-disturbance behaviour, and the number of adults removed from the 2 3 2 colony and so tested in both the laboratory and as a bud colony (summing large and medium spiders, 2 3 3 so any greater than 1mm in body length) as fixed effects for laboratory and bud behaviour. This was 2 3 4 done in case colony size impacted foraging aggressiveness. These fixed effects were scaled to a 2 3 5 mean of zero and a variance of one. We also include trial number (1-3) as a fixed effect, mean 2 3 6 centred, in case the colonies changed their behaviour over time. We estimated the raw phenotypic correlations once with the 1 st -3 rd tests on the bud colonies 2 3 8 (initial bud behaviour) and once with the 4 th -6 th tests (settled bud behaviour). We also re-fitted the 2 3 9 multivariate model using the 4 th -6 th tests instead of the 1 st -3 rd tests. If collective behaviour was 2 4 0 inherited from parent colony to offspring colony, we expected a positive among-colony correlation 2 4 1 between the pre-disturbance and bud behaviours. If behaviour in the laboratory reflects behaviour in 2 4 2 the field, then there would also be a positive among-colony correlation between the pre-disturbance behaviour, we expected the among-colony correlation between pre-disturbance foraging 2 4 5 aggressiveness and the settled bud foraging aggressiveness to be stronger than the correlation 2 4 6 between pre-disturbance foraging aggressiveness and the initial bud foraging aggressiveness. For all multivariate models we used a Gaussian error structure for each response variable, At the among-colony level, for the control group, there was a positive correlation between pre-and 2 7 2 post-disturbance foraging aggressiveness (Fig. 3a , covariance mode = 0.245, CIs = -0.240 to 1.080, 2 7 3 correlation mode = 0.701, CIs = -0.177 to 0.953), no correlation at all in the procedural control 2 7 4 group (Fig. 3b , covariance mode = -0.001, CIs = -0.621 to 0.464, correlation mode = 0.051, CIs = -2 7 5 0.773 to 0.726), and a weak positive correlation in the removal group (Fig. 3c , covariance mode = 2 7 6 0.094, CIs = -0.547 to 1.086, correlation mode = 0.637, CIs = =-0.595 to 0.925). Note that the CIs of Colonies showed consistent differences in foraging aggressiveness in the laboratory (r = 0.282, CIs = 2 9 1 0.080 to 0.472). Bud colonies showed a small amount consistent differences in in the initial three 2 9 2 measures of foraging aggressiveness (r = 0.082, CIs = 0.024 to 0.332). There was no phenotypic 2 9 3 correlation between pre-disturbance foraging aggressiveness and initial bud foraging aggressiveness 2 9 4 ( Fig. 4a , r = 0.043, t = 0.272, df = 40, p = 0.787) or laboratory foraging aggressiveness (Fig. 4b , r = 2 9 5 0.065, t = 0.610, df = 88, p = 0.543). Laboratory and initial bud behaviour were also not correlated 2 9 6 ( Fig. 4c , r = -0.019, t = -0.120, df = 40, p = 0.905). Correlations were also absent at the among- (Table S5 ). Settled bud behaviour showed consistent differences among-colonies in foraging 3 0 4 aggressiveness (r = 0.161, CIs = 0.044 to 0.464). There was a phenotypic correlation between 3 0 5 settled bud behaviour and foraging aggressiveness (Fig. 5a , r = 0.464, t = 3.317, df = 40, p = 3 0 6 0.002), but not between settled bud behaviour and laboratory foraging aggressiveness (Fig. 5b , r = 3 0 7 -0.117, t = -0.743, df = 40, p = 0.462). At the among-colony level, settled bud foraging the CIs overlapped zero (Fig. 5a , covariance mode = 0.136, CIs = -0.214 to 0.696, correlation 3 1 0 mode = 0.576, CIs = -0.269 to 0.896). Laboratory foraging aggressiveness was not correlated with 3 1 1 settled bud foraging aggressiveness (Fig. 5b , covariance mode = 0.005, CIs = -0.534 to 0.549, 3 1 2 1 5 correlation mode = 0.133, CIs = -0.675 to 0.736). Full model results are given in the 3 1 3 supplementary materials (Table S6) . Therefore, as for the robustness to disturbance, phenotypic 3 1 4 correlations matched the among-colony correlations. These results suggest that parent and 3 1 5 offspring colony collective behaviours can resemble each other, but only once the offspring colony 3 1 6 had settled into an environment close to that of the parental colony's. show the estimated among-colony correlations from the multivariate model. The volume of the colony's basket, number of adults, and trial number did not influence foraging 3 2 6 aggressiveness in any of the models. There was some variation among days in foraging aggression, see Tables S1-6 for estimates. Organisms in groups can possess collective behaviours, which can be subject to selection. How 3 3 7 robust these collective behaviours are to disturbance, and whether they are transmitted from parent 3 3 8 groups to offspring groups, is however not well known. Here we show that the foraging 3 3 9 aggressiveness of A. eximius colonies is consistent over a period of several weeks and presumably 3 4 0 longer, given that at high elevations foraging aggressiveness can influence colony survival over 3 4 1 many months (Lichtenstein et al. 2019 ). Yet, colony behaviour is not robust to perturbation, 3 4 2 especially if individuals are removed from the colony and then returned. We further found that bud 3 4 3 colonies had collective behaviour that resembled that of their parent colony, but this was only 3 4 4 1 7 apparent once the bud colony had spent over a week settling after the translocation and was not 3 4 5 apparent when comparing laboratory measures of the bud colony with the parent colony.
4 6
First, we note here that, while the all patterns we detected in the study were qualitatively 3 4 7 same at the among-colony level as at the phenotypic level, the 95% credible intervals of all among- 5), we can see the among-colony correlations are often stronger than the phenotypic correlations. Therefore, the overlap with zero is likely due to high uncertainty, probably due to our study using 3 5 1 fewer than 50 colonies, and fewer than 20 colonies in each treatment group, rather than a small effect 3 5 2 size. We therefore take the liberty of discussing among-colony correlations that are of the same 3 5 3 strength or stronger than an equivalent and statistically significant phenotypic correlation. We do this 3 5 4 because we consider these results to represent meaningful biological trends rather than statistical Collective behaviour is vulnerable to disturbance 3 5 8
There were consistent differences among colonies in both pre-and post-disturbance behaviour, but 3 5 9 1 8 the removal of key individuals (Flack et al. 2005 (Flack et al. , 2006 or due to gradual heating (Doering et al. 2018). Here we have found that the removal of individuals combined with a physical disturbance to 3 7 0 the colony causes the colony to shift from one state of foraging aggression to another, although we 3 7 1 did not observe a general increase in aggression due to the perturbations. In fact, mean foraging 3 7 2 aggressiveness was equal in the control and removal treatment groups, and lower (longer latencies) 3 7 3 in the procedural control group. We concluded this based on comparing the intercepts for post-3 7 4 disturbance foraging aggressiveness between the models for each treatment (although note that the 3 7 5 95% credible intervals overlapped in all cases, see Tables S2-4 ). Instead, we have observed that a 3 7 6 colony adopts a different, yet still repeatable, behaviour to what it displayed before the disturbance. As spider colonies did not return to their original foraging aggressiveness after the 3 7 8 disturbance, consistent differences in behaviour among-colonies probably do not rely on some underlying stable trait of the colony (as is suggested for "pace of life syndrome" hypotheses for interactions can give systems that are highly sensitive to initial conditions, and hence give variable 3 8 4 trajectories and final states (Boyce 1992; Hastings et al. 1993; Cole 1994) . Therefore, following the 3 8 5 perturbation, A. eximius colonies may engage in interactions that, despite being deterministic and so 3 8 6 giving rise to consistent behaviour, nevertheless follow divergent trajectories and so do not give the while interactions between the whole colony and its environment might also generate sufficient is insufficient to allow us to judge the likely relative contributions of these two possibilities. However, social network analysis on the distance related social spider Stegodypus dumicola hint that Removing individuals and then adding them back to the colony (as occurred in the procedural 3 9 6 control group) completely removed any relationship between pre-and post-disturbance foraging aggressiveness. This suggests that removing individuals for a time and then returning them 3 9 8 destabilises collective behaviour much more than simply removing them. The returning spiders may The outcome of selection on collective behaviour are quite different if collective behaviour is aggressiveness is genuinely directly passed from parent colony to offspring colony, and given at high In summary, we found that the foraging aggressiveness of A. eximius colonies is relatively stable 4 6 6 over time but can be disrupted by perturbations. Returning individuals to their source colony disrupts 4 6 7 a colony's collective foraging even more than simply removing individuals from a colony. Offspring 4 6 8 colonies have collective behaviour that resembles that of their parent colony, and this does not 4 6 9 appear to be driven by a shared elevation. Instead, other forces like shared microhabitat preferences 4 7 0 or the direct transmission of colony interaction rules, genetically determined behaviours, or plastic 4 7 1 states (e.g., hunger levels, aggression levels) may drive resemblance of parent and offspring colonies. Appreciating that groups possess behavioural states, and that these states may be influenced by All data and R code used in the analysis will be made available upon publication. predicts some aspects of natural behaviour, but not others, in a wild cricket population. Proc. Biol. Sci. 282:20150708.
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